Stem cells are often viewed as orderly little cells, hidden away and slowly dividing to give rise to the cells that do real work, like blood or skin cells. This has long been the view of how sperm originate in the seminiferous tubules-from single stem cells residing at the basement membrane.
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A new study of sperm development in mice upends this prevailing model. Kenshiro Hara et al. now show that sperm arise instead from a syncytial, multinucleated network of stem cells; individual cells can also break off of the syncitium to act as stem cells or to seed new syncytia. The findings show that the spermatogenic stem cell state is much more plastic than previously thought.
Spermatogenesis takes place in association with Sertoli cells, which line the seminiferous tubules. Single cells residing at the basement membrane give rise to syncytia. Progressively more differentiated cells reside in between cellular junctions of Sertoli cells, and maintain their cytoplasmic connections. The more differentiated cell type, spermatids, are found at the apical side, their tails dangling into the lumen. Once differentiation is completed, spermatids are released as spermatozoa into the lumen.
Researchers had long attributed stem-ness to the single cells at the basement membrane, which are known to express the neurotrophic factor GFRa1. In the new study, the researchers used live imaging and pulse labeling to determine the fates of individual GFRa1 cells. They also plugged their data into an in silico biophyiscal model to generate a model of stem cell differentiation.
They report that GFRa1-positive cells continually interconvert between single cell and syncytial states. As differentiation occurs, either within a syncytium or a single cell, GFRa1 expression is lost, and two other markers appear-a neurogenin, Ngn3, followed by the proto-oncogene, cKit. Consistent with previous findings, the researchers found that, under stress, some cells and syncytia expressing Ngn3 convert back to a GFRa1-positive stem state. The same conversion also occurrs in cKit-positive cells and syncytia, though less frequently.
It is unclear whether the same system operates in primates. A slower-dividing single stem cell compartment may be more compatible with the longer lifespans of such mammals, suggest the researchers. They also note that primate testes contain abundant immature spermatogonia that do not seem to have a counterpart in rodents. Sperm jettison bulky histones as they develop, replacing them with sleek protamines that tightly wind DNA to pack it all into the sperm head. But a few histones remain, and new findings show that these may affect the expression of genes in offspring.
Researchers have known for decades that, in rodents, about one percent of histones are retained during sperm formation-even more in humans. Recent studies have given rise to the hypothesis that retention of these nucleosomes transmits information to the zygote. For instance, histones are retained preferentially at regulatory regions and transcription start sites-and they appear to associate preferentially with certain types of genes, particularly those involved with development and cell signaling. There are also hints that nucleosome retention affects gene expression and DNA methylation; for instance, genes with high levels of histone retention in sperm tend to lack DNA methylation in embryonic stem cells. Such studies are highly suggestive, but most of the evidence in support of the hypothesis has been correlative.
In the new study, Motomasa Ihara, Mirella Meyer-Ficca, and colleagues experimentally manipulated mouse sperm to alter histone retention. The team slowed the metabolism of poly(ADP-ribose) (PAR), a biopolymer involved in the exchange of histones for protamines, by perturbing PAR function genetically and with inhibitors of the PAR pathway. The researchers then analyzed genome-wide histone retention in genes in the altered sperm and examined the expression of the affected genes in the resulting embryos.
The researchers were surprised first by the results from their control animals. They found that most genes in wild-type sperm showed some histone retention, suggesting that it is not an all-or-none phenomenon. They also observed, as expected, alterations in the number of retained histones in sperm with impaired PAR metabolism. Overall, their findings support the view that histone retention affects gene expression: the general trend was that altered histone retention correlated with differential gene expression in the two-cell embryo. The effect was not massive-the embryos survived to adulthood-but it was robust.
The findings provide mechanistic insight into how epigenetic information may be transmitted between generations through the paternal germline. A host of new studies have shown that factors such as paternal diet and toxicant exposure have epigenetic effects on offspring. Perhaps histone retention may be involved in this phenomenon. Threatened premature labor-persistent uterine contractions between 20 and 37 weeks of gestation-leads to a series of treatments. Women are given drugs-tocolytic agents-to temporarily suppress uterine contractions and prolong pregnancy by up to 48 hours. During this time, corticosteroids (to help fetal lung maturation) are prescribed and can take effect. These women also are hospitalized or put on bed rest. But for many women, all of these interventions are unnecessary, as only about five percent of patients with threatened premature labor give birth within ten days.
Current methods for determining which women are at risk have drawbacks. A classical test involves examining a woman's cervicovaginal fluid for fetal fibronectin. In practice, the test excludes only some patients from further treatment interventions and about half are ineligible to take the test for reasons such as having had a prior vaginal examination.
A recent study presents a method to discern which women with symptoms of premature labor will actually deliver a premature baby. The technique involves determining the expression levels of several key transcripts in the blood, coupled with clinical blood parameters.
Yujing Jan Heng et al. reasoned that there might be other signs in maternal blood that indicate high risk for premature birth. They performed a microarray analysis on 154 women with threatened premature labor and found 469 differentially expressed genes between those who went on to deliver prematurely and those who did not. The researchers assessed the predictive value of 9 of these genes. They also took into account the clinical blood parameters of these women, assessing total leukocyte and neutrophil count; such cells are closely associated with labor, which is spurred by inflammation. Perhaps not surprisingly, some of the 9 assessed genes are also involved in inflammation.
Combining the signature of the 9 genes with the blood results, the researchers found that they could predict, with 71% sensitivity, which women were in true preterm labor and which would deliver prematurely. The test correctly identified 76% of the women who were in false labor. The researchers also found that the new test outperformed the fetal fibronectin test.
Previous studies have attempted to identify biomarkers associated with preterm delivery, but most have been limited-assessing only a few potential markers or examining asymptomatic women instead of women with threatened preterm labor. The researchers are now assessing the predictive power of their method in a different cohort of women to assess its potential value as a diagnostic test for use in the clinic. Researchers have unraveled how sex determination occurs in the silkworm Bombyx mori, finding a central role for a PIWI-interacting RNA (piRNA) as a feminizing factor.
Insects have evolved a wide variety of sex determining systems. Drosophila has the more familiar XY system; aphids have dispensed with the Y altogether, with XO animals being male and XX animals being female; and houseflies deploy a mobile gene that confers maleness. B. mori and most other lepidoptera have a WZ sex determination system-males have two Z sex chromosomes, whereas females have a Z and W chromosome. Other creatures have a WZ system, such as birds-though their system is believed to have an independent evolutionary origin.
The B. mori sex determining system has long puzzled researchers. For instance, scientists have looked for years for a protein-coding gene on the W chromosome, which consists mainly of transposons, and found none.
To identify factors that set up sex in B. mori, Takashi Kiuchi et al. performed a thorough survey of RNA transcription in male and female embryos. They landed on one RNA that was never present in B. mori males but was consistently expressed in females at all stages of development-a piRNA derived from a gene the authors dubbed Feminizer (Fem). piRNAs are noncoding RNAs known to disable target genes with complementary sequences, via an RNA silencing mechanism.
The researchers went on to identify a key target of the Fem piRNA-an RNA molecule transcribed from a gene on the Z chromosome, Masculinizer. In ZZ animals, the Masc protein promotes male development. But in ZW animals, Fem piRNA destroys Masc, and female development ensues.
But how does Masc make males? The researchers found that Masc affects splicing of B. mori doublesex, a gene highly conserved in insects whose homologs have a role in sex determination. In Drosophila and B. mori, doublesex yields different splice variantsand Masc promotes the formation of the male-specific variant. A related gene, DMRT1, has roles that include determination in birds and testis development in mammals.
The findings showcase an unusual role for a piRNA in sex determination, and may be helpful for researchers studying silkworm breeding (males make the most silk). But the study also highlights how seemingly novel evolutionarily mechanisms-such as Fem piRNA and Masc-can plug into more conserved systems for sex determination. 
